1. Introduction
===============

Intrahepatic cholangiocarcinoma (ICC) represents the second most common primary liver cancer and is increasing in incidence. Most patients are diagnosed at an advanced, nonsurgical stage and only about 1 in 5 cases are surgically resectable. Despite surgery, the recurrence rate is 60% to 70%, and the 5-year survival is only 30%.^\[[@R1]\]^ Surgical resection is still the most effective treatment for patients with ICC for long-term survival.^\[[@R2]\]^ Surgical procedure results in metabolic and neuroendocrine changes, which may lead to significant suppression of cell-mediated immunity and may eventually stimulate the implantation of circulating tumor cells.^\[[@R3]\]^ This potential combination of tumor seeding and impaired immune responses enhances the susceptibility of patients undergoing cancer surgery to the development of metastasis and is associated with worse long-term outcomes. The potential role of anesthetic techniques and anesthetics in the process of cancer recurrence has attracted interest.^\[[@R3]\]^

Data from animal and human cancer cell line studies revealed that different anesthetics might influence the immune system in various ways.^\[[@R4]--[@R9]\]^ Researches have shown that volatile anesthetics (VAs) are proinflammatory and may worse immune function, which may increase the incidence of cancer metastases.^\[[@R8]--[@R12]\]^ In contrast, propofol seems to inhibit tumor growth and to reduce the risk of metastasis in mice and humans.^\[[@R6],[@R11]--[@R14]\]^

Until now, no clinical study has compared the effects of the use of propofol- with desflurane-based anesthesia on patient outcomes after ICC surgery. We hypothesized that those patients receiving the desflurane anesthesia might have a subsequent worse outcome as our previous hepatocellular carcinoma (HCC) and colon cancer studies.^\[[@R15],[@R16]\]^ Therefore, we conducted a retrospective study to assess whether the type of anesthesia, desflurane anesthesia versus propofol anesthesia, is associated with long-term survival, postoperative recurrence, and metastasis after open ICC surgery.

2. Methods
==========

2.1. Study design and setting
-----------------------------

This retrospective cohort study was conducted at the Tri-Service General Hospital (TSGH), Taipei, Taiwan, Republic of China, a medical center.

2.2. Participants and data sources
----------------------------------

The ethics committee of TSGH (Chairperson, Professor Mu-Hsien Yu) approved this retrospective study and waived the need for informed consent on May 18, 2017 (TSGHIRB No: 1-106-05-089). The relevant information was retrieved from the medical records and electronic database of TSGH. From January 2005 to December 2014, 70 patients with an American Society of Anesthesiologists (ASA) score of II to III who had undergone elective open ICC surgery for tumor node metastasis (TNM) stages I to IV ICC under propofol anesthesia (propofol group, n = 34) or desflurane anesthesia (desflurane group, n = 36) were included. The anesthetic technique was determined according to the anesthesiologist\'s preference. The exclusion criteria were combined propofol anesthesia with inhalation anesthesia or regional analgesia, incomplete data, and age \<20 years (Fig. [1](#F1){ref-type="fig"}).

![Flow diagram detailing the selection of patients included in the retrospective analysis. No patient was excluded due to combined propofol anesthesia with inhalation anesthesia or regional analgesia, incomplete data, and age \<20 years.](medi-98-e18472-g001){#F1}

No premedication was given before anesthesia induction. Standard monitoring, including noninvasive blood pressure, electrocardiography (lead II), pulse oximetry, end-tidal carbon dioxide, direct radial arterial blood pressure, and a central venous catheter were used for each patient. Anesthesia induction was with fentanyl, propofol, and cisatracurium or rocuronium for all cases.

In the propofol group, anesthesia was maintained with target-controlled infusion (TCI, Fresenius Orchestra Primea; Fresenius Kabi AG, Bad Homburg, Germany) using propofol at an effect site concentration (Ce) of 3 to 4 μg/mL in F[iO]{.smallcaps}~2~ of 100% oxygen at a flow rate of 0.3 L/min. In the desflurane group, the desflurane vaporizer was set between 4% and 10% in 100% oxygen at a flow of 300 mL/min in a closed breathing system. Repetitive bolus injections of cisatracurium and fentanyl were given as necessary throughout the operation.^\[[@R15],[@R16]\]^

Maintenance of the Ce using TCI with propofol or desflurane was adjusted upward and downward by 0.2 to 0.5 μg/mL or 0.5% to 2%, respectively, when necessary according to the hemodynamics. The end-tidal carbon dioxide level was maintained at 35 to 45 mm Hg by adjusting the ventilation rate and maintained maximum airway pressure \<30 cm H~2~O. After surgery patients were transferred to the postanesthesia care unit or intensive care unit for further care and were evaluated by the anesthesiologist in charge.^\[[@R15],[@R16]\]^

2.3. Variables
--------------

We retrospectively collected the following patient data: anesthetic technique; time since the earliest included patient, which served as a surrogate of calendar year; sex; age at the time of surgery; serum hepatitis B surface antigen (HBsAg) positivity; serum hepatitis C virus (HCV) positivity; history of alcoholism; preoperative serum CA19-9 values; Child-Pugh score; and model for end-stage liver disease (MELD) score. For preoperative serum CA19-9 values, patients were grouped according to whether their CA19-9 levels were \>37 or ≤37 U/mL, because a CA19-9 level \>37 U/mL is associated with poor survival in ICC surgery.^\[[@R17]\]^ The 10-year survival in patients with multiple comorbidities was predicted using the Charlson comorbidity index (CCI) of 0 (least comorbidity) to 37 (highest). Preoperative functional status was assessed in metabolic equivalents (METs), and patients were grouped according to whether their MET was ≥4 METs or \<4 METs because the perioperative cardiac and long-term risks increase in patients with a capacity of \<4 METs during most normal daily activities.^\[[@R18]\]^ Other data included the ASA physical status score (from I indicating the lowest morbidity to V indicating the highest morbidity); TNM stage of the primary tumor; tumor size; tumor number; grade of surgical complications using the Clavien--Dindo classification \[scaled from 0 (no) to V (most)\]; intraoperative blood transfusion; postoperative chemotherapy; presence of postoperative recurrence; and presence of postoperative metastasis. Because these variables have been reported or posited to influence patient outcomes, they were chosen as potential confounders.

2.4. Statistical methods
------------------------

The primary end-point was overall survival, which was compared between the groups receiving propofol or desflurane as the main anesthetic agent. Survival time was defined as the interval between the date of surgery and the date of death or August 31, 2017, for those who were censored. All data are presented as mean ± standard deviation (SD), number, or percentage.

Patient characteristics and death rates were compared between the groups treated with the different anesthetics using Student *t* test or the chi-square test. Survival according to the anesthetic technique was depicted visually in a Kaplan--Meier survival curve. The relationship between the anesthetic techniques (propofol or desflurane) and survival was analyzed using the Cox proportional-hazards model with and without adjustment for the abovementioned variables. Because significant interactions with the anesthetic techniques (propofol or desflurane) were found, we also conducted subgroup analyses for TNM stage and postoperative metastasis and recurrence.

Propensity score (PS) matching with IBM SPSS Statistics 22.0 (IBM SPSS Inc., Chicago, IL) was used to select for the most similar PSs for preoperative variables (with calipers set at 0.2 SD of the logit of the PS) across each anesthesia: propofol or desflurane in a 1:1 ratio, to make sure the comparability between propofol and desflurane anesthesia before the surgery. Two-tailed *P* values \<.05 were considered significant.

3. Results
==========

The patient and treatment characteristics are shown in Table [1](#T1){ref-type="table"}. The time since the earliest included patient, sex, age, HBsAg, HCV, Child-Pugh score, MELD score, preoperative CA19-9 level, CCI, preoperative functional status, ASA score, TNM stage of the primary tumor, tumor size, tumor number, grade of surgical complications, need for intraoperative blood transfusion, and the use of postoperative chemotherapy were insignificantly different between the 2 anesthetic techniques (Table [1](#T1){ref-type="table"}).

###### 

Patients' and treatment characteristics for overall group and matched group after propensity scoring.

![](medi-98-e18472-g002)

The overall mortality rate was significantly lower in the propofol anesthesia (62.0%) than in the desflurane anesthesia (86.0%) during follow-up (*P* = .04). In addition, in this study, the overall mortality equated to the cancer-specific mortality, because all postoperative deaths were resulting from cancer. Accordingly, the cancer-specific mortality rate was significantly lower in the propofol anesthesia (62.0%) than in the desflurane anesthesia (86.0%) during follow-up (*P* = .04). A lower percentage of patients in the propofol anesthesia (24.0%) exhibited postoperative metastasis compared with the desflurane anesthesia (64.0%; *P* = .002). The presence of postoperative recurrence did not differ between the 2 groups (Table [1](#T1){ref-type="table"}). Kaplan--Meier survival curves for the 2 anesthetic techniques are shown in Figure [2](#F2){ref-type="fig"}A.

![A, Overall survival curves from the date of surgery by anesthesia type. B, Overall survival curves from the date of surgery by anesthesia type after propensity score matching.](medi-98-e18472-g003){#F2}

The overall mortality risk associated with the use of propofol and desflurane anesthesia during ICC surgery is shown in Table [2](#T2){ref-type="table"}. Overall survival from the date of surgery grouped according to the anesthetic technique and other variables was compared separately in a univariable Cox model and subsequently in a multivariable Cox regression model. Patients who received propofol anesthesia exhibited better overall survival than those who received desflurane anesthesia \[overall survival 38.2% vs 13.9%, respectively; the crude hazard ratio (HR) was 0.46; 95% confidence interval (CI), 0.26--0.80; *P* = .006\]. Variables in the multivariable model were those variables that were significant in the univariable analysis, except recurrence and metastasis, to avoid multicollinearity, and the finding did not change (HR, 0.53; 95% CI, 0.29--0.95; *P* = .034). Other variable that significantly increased the risk of death after the multivariable analysis was higher TNM stage (Table [2](#T2){ref-type="table"}).

###### 

Cox proportional-hazards regression for mortality: univariable and multivariable models for overall patients.
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Because PS matching is considered the best method to minimize confounding in observational studies.^\[[@R19]\]^ We used the PS from logistic regression to adjust the baseline characteristics and the choice of therapy between the 2 groups. After matching, 29 pairs were formed (Table [1](#T1){ref-type="table"}). Patient characteristics and prognostic factors of ICC were insignificantly different between the matched groups. Kaplan--Meier survival curves for the 2 anesthetic techniques are shown in Figure [2](#F2){ref-type="fig"}B.

3.1. Subgroup analyses for presence of postoperative metastasis, postoperative recurrence, TNM stage, and disease progression
-----------------------------------------------------------------------------------------------------------------------------

In the nonstratified analysis, patients with propofol anesthesia showed better survival than those with desflurane; the crude HR was 0.46 (95% CI, 0.26--0.80; *P* = .006), and the PS-matched HR was 0.51 (95% CI, 0.28--0.94; *P* = .032) (Table [3](#T3){ref-type="table"}; Fig. [3](#F3){ref-type="fig"}).

###### 

Subgroup analyses for presence of postoperative recurrence, postoperative metastasis, TNM stage, and disease progression.

![](medi-98-e18472-g005)

![Subgroup analyses for presence of postoperative recurrence, postoperative metastasis, TNM stage, and disease progression. Data were presented as hazard ratio (HR) with 95% confidence interval (CI). ^**∗**^*P* \< .05 compared with desflurane anesthesia. PS = propensity score, TNM = tumor node metastasis.](medi-98-e18472-g006){#F3}

There was marginally significant interaction between the anesthetic techniques and postoperative recurrence formation (*P* = .054). However, there was insignificant interaction between the anesthetic techniques and postoperative metastasis (*P* = .262) or TNM stage (*P* = .528) (Table [3](#T3){ref-type="table"}).

Patients without postoperative recurrence who received propofol had better survival than those who received desflurane. For patients with no postoperative recurrence, the crude HR was 0.31 (95% CI, 0.14--0.70; *P* = .005), and the PS-matched HR was 0.35 (95% CI, 0.14--0.86; *P* = .021). However, the mortality rate was no significant difference in patients with postoperative recurrence between 2 techniques as the crude HR was 0.82 (95% CI, 0.33--2.02; *P* = .665), and the PS-matched HR was 0.97 (95% CI, 0.37--2.57; *P* = .954) (Table [3](#T3){ref-type="table"}; Fig. [3](#F3){ref-type="fig"}).

Patients with propofol anesthesia had less postoperative metastasis than those with desflurane; the crude HR was 0.31 (95% CI, 0.14--0.71; *P* = .005), and the PS-matched HR was 0.36 (95% CI, 0.15--0.88; *P* = .025). However, with regard to postoperative recurrence, propofol anesthesia was similar to desflurane anesthesia, the crude HR was 1.29 (95% CI, 0.55--3.05; *P* = .562) and the PS-matched HR was 1.17 (95% CI, 0.46--2.93; *P* = .746) (Table [3](#T3){ref-type="table"}; Fig. [3](#F3){ref-type="fig"}).

In summary, patients with ICC with propofol anesthesia had lower all-cause mortality, lower cancer-specific mortality, and fewer postoperative metastasis. In addition, propofol anesthesia seemed to reduce recurrence-free mortality compared with desflurane anesthesia.

4. Discussion
=============

The major finding in the present study is that propofol anesthesia in open ICC surgery improves survival and reduces risk of postoperative metastasis compared with desflurane anesthesia. These findings are consistent with those of previous researches of propofol anesthesia that demonstrated better survival after surgery for gastrointestinal cancers, such as esophageal, gastric, HCC, or colon cancer compared with VAs.^\[[@R15],[@R16],[@R20],[@R21]\]^ In addition, we found that a higher TNM stage was associated with poor survival after ICC surgery, as has also been observed previously.^\[[@R22]\]^

Surgical resection is the only potentially curative treatment for ICC and is associated with 5-year overall survival rates between 15% and 40%.^\[[@R1]\]^ However, up to two-thirds of the patients with ICC have postoperative cancer recurrence, most commonly in the remnant liver.^\[[@R1]\]^ Other common sites of recurrence include the peritoneum and abdominal lymph nodes.^\[[@R1]\]^ Prognostic factors associated with cancer recurrence are vascular invasion, multiple tumors, and lymph node metastases.^\[[@R1]\]^ The likelihood of tumor metastasis depends on the balance between the metastatic potential of the tumor and the antimetastatic host defenses, of which cell-mediated immunity, and natural killer cell function in particular, is a critical component.^\[[@R23]\]^ Data from studies of human cancer cell lines and animal showed that various anesthetics or anesthetic techniques might affect the immune system in various ways^\[[@R4]--[@R9]\]^ and might therefore influence the cancer patient\'s survival or risk of recurrence or metastasis.^\[[@R6],[@R8]--[@R11]\]^

In this study, we found a 50% lower death rate with propofol anesthesia than with desflurane anesthesia in patients after ICC surgery. We also found that propofol anesthesia was related to a lower incidence of postoperative recurrence and metastasis compared with desflurane anesthesia in HCC or colon cancer surgery.^\[[@R15],[@R16]\]^ By contrast, recent retrospective studies reported insignificant differences in overall survival between the use propofol and VAs in breast cancer and HCC surgery.^\[[@R11],[@R24]--[@R26]\]^ So far, there are very few researches of the effects of the anesthetic techniques in ICC surgery; further investigations are needed to illuminate the effects of the anesthetic techniques on ICC recurrence and metastasis.

To our best knowledge, very few researches of human ICC cell lines reported the influences of propofol on cancer cell growth and survival. Recently, using human cholangiocarcinoma cell lines, Zhang et al^\[[@R27]\]^ reported that propofol inhibited the proliferation, migration, and invasion of cholangiocarcinoma cells, and induced apoptosis and cell cycle arrest. The mechanism may be associated with the Wnt/β-catenin signaling pathway. This finding suggested that propofol may be an effective drug for treating ICC, although further clinical studies are warranted.

Upregulation of hypoxia-inducible factor (HIF) was associated with a poor prognosis in colorectal cancer study.^\[[@R28]\]^ In addition, HIF-1α overexpression correlated significantly with higher stage, and tended to correlate with tumor diameter (\>4 cm), vessels infiltration, and intrahepatic metastasis in ICC surgery.^\[[@R29]\]^ HIF-1α overexpression was also identified as an independent prognostic factor for both overall and disease-free survival in ICC.^\[[@R29]\]^ Propofol inhibited tumor aggressiveness by suppressing HIF-1α expression in non--small cell lung cancer cells.^\[[@R30]\]^ By contrast, isoflurane enhanced renal cancer cell growth and malignant potential via upregulating HIF-1α levels in vitro.^\[[@R31]\]^ Sevoflurane also promoted the expansion of human glioma stem cells through activation of HIF-1α in vitro.^\[[@R32]\]^ Taken together, these limited reports suggest that isoflurane or sevoflurane may promote cancer cell growth or invasion, whereas propofol has a beneficial effect by suppressing cancer cell proliferation, migration, or invasion.^\[[@R27]\]^ However, to our knowledge, the mechanism by which desflurane anesthesia influences the recurrence or metastasis of ICC remains unknown.

There were some limitations in this study. First, it was a retrospective study and the 70 patients were not randomly allocated. However, we used all available patients from January 2005 to December 2014 from our medical center, and patient characteristics were similar between 2 anesthetic techniques. Moreover, we still conducted PS matching to minimize confounding in this observational study,^\[[@R19]\]^ and further prospective multicenter study is warranted. Second, different VAs may have different effects on ICC. We analyzed only desflurane because it is the most frequently used VA in our hospital. Finally, in our hospital, we do not routinely use nonsteroidal anti-inflammatory drugs during ICC surgery because of the risk of life-threatening complications such as peptic ulceration.^\[[@R33]\]^ However, nonsteroidal anti-inflammatory drugs may be linked to better survival in ICC populations,^\[[@R34]\]^ although further investigation is necessary.

In conclusion, during open ICC surgery, propofol anesthesia improved survival compared with desflurane anesthesia. Patients under desflurane anesthesia had more postoperative metastasis, but not postoperative recurrence formation.
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